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In this Letter we present a Fresnel lens fabricated on the end of an optical fiber. The lens is fabricated using nanoimprint 
lithography of a functional high refractive index material, which is suitable for mass production. The main advantage of the 
presented Fresnel lens compared to a conventional fiber lens is its high refractive index (n=1.69), which enables efficient light 
focusing even inside other media such as water or adhesive. Measurement of the lens performance in an immersion liquid 
(n=1.51) shows a near diffraction limited focal spot of 810 nm in diameter at the 1/e2 intensity level for a wavelength of 660 
nm. Applications of such fiber lenses include integrated optics, optical trapping and fiber probes.   
 
Lensed fibers have been used for a long time in integrated 
optics to improve coupling efficiency to optical chips [1]. 
They are also used as probes in various applications such 
as optical trapping [2], endoscopic imaging [3], optical 
coherence tomography [4] and glucose sensing [5]. The 
major limitation holding these applications back from 
further development is a poor focusing ability of the fiber 
lens upon immersion. The reason for this is the low 
refractive contrast between the lens and the surrounding 
medium.  Conventionally, lensed fibers are made by laser 
ablation [6], polishing [7], wet etching [8] and focused ion 
beam micromachining [9]. In all these fabrication 
techniques, the lens structure is composed of the same 
material as the fiber, with a typical refractive index of 1.45. 
When such a lensed fiber probe is used inside a medium, 
for example water (n=1.33), the focusing ability is strongly 
reduced due to the small difference between the refractive 
indices. 
In this Letter, we demonstrate a novel high refractive index 
Fresnel lens [10] fabricated directly on top of an optical 
fiber via Ultra Violet Nanoimprint Lithography (UV-NIL). 
NIL represents not only a low-cost, high-throughput nano-
patterning technique with single-digit nanoscale resolution 
[11], but it also enables patterning of functional high 
refractive index materials, as previously demonstrated by 
our group and others [12-14]. Here, we demonstrate the 
fabrication of a Fresnel lens on a fiber by NIL of an imprint 
polymer [15] with a refractive index of 1.69 at 590 nm. We 
also demonstrate the focusing ability of the imprinted 
lensed fiber in immersion oil (n=1.51), which would be 
impossible using conventional fiber lenses. This 
demonstrates the significant advancement provided by 
such lensed fibers, particularly for integrated optics where 
an optical adhesive with matching index is commonly used 
to connect fibers to optical chips. For water-based 
immersion applications the refractive index contrast 
between the lens and the surrounding medium will 
increase by a factor of three (from Δn=0.12 to Δn=0.36). 
This leads to better light control in general, in particular in 
a tighter focal spot, which is advantageous for many 
applications. For example, in the case of optical trapping, a 
tighter focal spot allows trapping of smaller nanoparticles 
and increases the trapping force [16].   
The imprinted lens presented here is fabricated following 
the process described in [17]. Focused Ion Beam (FIB) 
grayscale milling is adopted for the fabrication of the 
imprint mold. This provides a free-form, three-dimensional 
capability at the design stage. The choice of a Fresnel lens 
over the similarly performing aspherical lens was based on 
ease of fabrication. The Fresnel lens requires less material 
to be milled to create the mold. In addition, the Fresnel lens 
can have a larger working distance compared to the similar 
aspherical lens.  
Lens design following an analytical approach does not 
account for waveguiding effects that occur inside the high 
aspect ratio structure. In order to correctly simulate such 
effects a three-dimensional FDTD (Finite-difference time-
domain) code was used [18]. The design was iteratively 
optimized to minimize the focal spot diameter and side lobe 
intensity. The final lens design was targeted to operate 
inside a medium with a refractive index of 1.51 at a 
wavelength of 660 nm. Figure 1 shows the results of the 
simulation 
The Fresnel lens is illuminated with a fiber mode field of 4 
µm diameter. Even though most of the light is located 
within the central Fresnel ring, simulations show that the 
height and position of the other two rings have a significant 
effect on the focal spot size and side lobe intensity. 
 Figure 1. 3D FDTD simulation of the intensity distribution of 660 
nm light propagating through the optimized Fresnel lens design. 
The focal spot diameter is 730 nm. A white line shows the lens 
contour. 
The focal spot intensity profile obtained using the 3D 
FDTD simulation is shown in Figure 2. The simulated focal 
spot diameter is 730 nm at the 1/e2 intensity level. The 
intensity of the side lobes is small and does not exceed 1.3% 
of the maximum intensity.  
 
Figure 2. Simulated intensity profile of the Fresnel lens focal spot. 
The diameter of the focal spot is 730 nm at the 1/e2 intensity level. 
The inherent disadvantage of the Fresnel lens is chromatic 
aberration. The simulated effect of chromatic aberrations 
is demonstrated in Figure 3. Wavelength shift results in an 
increase in the focal spot diameter. However, simulations 
show that the size of the focal spot is only within 5% of the 
optimal diameter over a spectral range of 85 nm around the 
design wavelength. 
 
Figure 3. Simulation of the Fresnel lens focal spot diameter as a 
function of wavelength.  
An imprint organic polymer with a refractive index of 1.69 
at 590 nm, previously developed by aBeam Technologies, 
Inc. [15], was used for imprinting the lens. This functional 
polymer consists of low viscosity monomers and cross-
linkers and it can be directly patterned by UV-NIL to 
create micro- and nanostructures with high transfer 
fidelity and accuracy. The material was specifically 
engineered to have a high optical transparency of more 
than 90% for a 5-µm thick film in the visible wavelength 
range.  
The lens master mold was fabricated using a gallium FIB 
integrated into a Zeiss Orion NanoFab microscope. First 
and a second generation replicas of the master mold were 
created with a commercial UV-curable polymer 
(Ormocomp, Micro Resist Technology) [19].  The second 
replica, which has the same lithography tone as the master 
mold, is fabricated onto a transparent glass substrate to 
allow optical alignment between the fiber core and the 
Fresnel lens during imprinting. NIL was carried out using 
a custom built fiber imprinter, as described in Ref. [17]. A 
standard commercial single mode fiber (630-HP) was first 
immersed into the high refractive index material and then 
optically aligned to the lens mold. Sub-wavelength 
alignment is achieved, since the center of the diffraction 
spot can be determined with sub-diffraction accuracy. Once 
the fiber core is aligned to the imprint mold using the light 
through the fiber core as a guide, the fiber is brought into 
contact with the imprint mold and cured by irradiating 
with 405 nm light through the same fiber, after which it is 
released from the mold. Figure 4 shows a scanning electron 
microscopy (SEM) tilted-view image of the imprinted fiber. 
To the best of our knowledge, this is the purely organic 
polymer with the highest refractive index that has been 
imprinted and reported in literature. 
 Figure 4. SEM image of the Fresnel lens imprinted onto an optical 
fiber. a) Low magnification view. b) high magnification view.  
While fiber imprinting technique has been demonstrated 
previously for fabricating anti-reflective fiber coatings [20], 
and chemical sensors [21], our method presents several 
advantages including the use of a functional high refractive 
index imprint material, a 3D free-form imprint mold 
fabricated by FIB, and the capability to perform optical 
alignment of the fiber core to the mold.  
To characterize the optical performance of the high 
refractive index Fresnel lens imprinted on a fiber, 660 nm 
laser light was coupled into the fiber and the focal spot was 
imaged in immersion oil (n = 1.51) using an oil immersion 
microscope objective (Nikon 100x, NA=1.3). For 
comparison, the same measurements were performed 
using a bare fiber. Figures 5a and b show camera images 
of the light intensity distribution of a bare and imprinted 
fiber, respectively.   The intensities of the two images in 
Figure 5 were normalized so that the spatial distributions 
can be compared. The light spot diameter is much smaller 
in the case of the imprinted Fresnel lens, which confirms 
the accuracy of the lens design and functioning of our 
fabrication process. Figure 5c plots the cross-sectional 
intensity profiles obtained from figures 5a and 5b. The 
diameter of the focal spot measured for 1/e2 intensity was 
found to be 810 nm for the Fresnel lens. In comparison, a 
diameter equal to 4 µm was measured for the bare fiber, in 
agreement with the mode field diameter specified by the 
manufacturer of the fiber. The intensity of the side lobes is 
higher than expected from simulations, with the highest 
side lobe intensity being 9% as opposed to the simulated 
1.3%. This might be explained by small fabrication 
inaccuracies introduced by the FIB and subsequent 
imprint. Nevertheless, the diameter of the focal spot is only 
11 % larger than the simulated value. We note that using 
an objective for imaging may introduce additional 
aberrations. Thus, the actual fiber lens performance could 
be slightly better than the measured one. 
 
Figure 5. Light intensity distributions measured using an oil 
immersion microscope for a) A bare single mode fiber, and b) the 
focal spot of the imprinted Fresnel lens on the fiber. c) 
Corresponding intensity profiles. All intensities are normalized. 
In conclusion, we designed, fabricated and tested a high 
refractive index Fresnel lens on a single mode fiber. The 
lens was fabricated using UV-NIL, which is a low cost and 
highly reproducible technique. Optical measurements 
confirm a focal spot with a diameter near that imposed by 
the diffraction limit achieved inside a liquid with a 
refractive index of 1.51. We believe that this NIL technique 
applied to a fiber can pave the way towards the inexpensive 
integration of other complex structures on fiber facets, such 
as vortex beam generators [22], near-field campanile 
probes [23], and beam shapers [24]. 
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